are different; i.e., trans-2-enoyl-CoA is converted to 3-oxoacyl-CoA via 3 S -and 3 R -hydroxyacyl-CoA by Land D-BP, respectively. However, the physiological significance of these stereospecifi cities is not clear. In addition, previous studies on this subject have not chemically investigated the absolute configuration of the product 3-hydroxyacyl-CoA or directly analyzed the stereospecifcity 16 19 .
In a previous report, we obtained enantiomeric 3-hydroxyhexadecanoic acids and determined their absolute confi guration in detail 20 . In this study, we investigate the development of a method for analyzing the stereospecificity of enoyl-CoA hydratase using high-performance liquid chromatography HPLC equipped with a chiral separation column. Moreover, we describe the effective application of this method to subcellular fractions and purified bifunctional proteins obtained from rat liver.
EXPERIMENTAL PROCEDURES

Chemicals and instruments
The lithium salt of CoA was purchased from Oriental Yeast Tokyo, Japan . All other materials and solvents were of analytical grade, and deionized water was used throughout the study. Proton nuclear magnetic resonance 1 H-NMR spectrometry was recorded at 400 MHz on a JNM-EX 400 spectrometer JEOL Ltd., Tokyo, Japan . HPLC was carried out using a Shimadzu LC 6-A system equipped with SPD-10vp Shimadzu Co., Kyoto, Japan ; detection was performed at 260 nm. A CHIRALPAK AD-RH 4.6 150 mm, 5 μm, Daicel Chemical Ind. Ltd., Tokyo, Japan was used as the separation column. The samples were centrifuged using a CR21 with an R22A2 angle rotor Hitachi, Japan or an Avanti HP-30I centrifuge with a JS-24.38 swing rotor Beckman Coulter, Japan .
CoA esters
The CoA esters used in this study are shown in Fig. 1 . To ensure that their correct structures were obtained, all CoA esters were synthesized and their structures confi rmed via 1 H-NMR. For the synthesis of trans-2-hexadecenoyl-CoA, tetradecanal 500 mg was first derived from tetradecanol using the Parikh-Doering oxidation 21 and then dissolved in 1,2-dichloroethane 30 mL to obtained a 2.36 mmol solution. A stabilized phosphonium ylide, ethyl triphenylphosphoranylidene acetate 1.5 g was added to the solution, which was then refl uxed for 1 h. After the reaction, the solvent was evaporated and the residue was purified using silica gel column chromatography silica gel 50 g ; hexane/ethyl acetate 50/1 v/v to produce the desired ethyl trans-2-hexadecenoate oil. The ester 284 mg, 1 mmol was then dissolved in 20 mL of a tert-butanol/water 1:1 solution followed by the addition of potassium tertbutoxide 1.12 g, 10 mmol and then stirred overnight at room temperature. After the reaction was complete, the mixture was acidifi ed using 2 M hydrochloride solution and ethyl acetate was added to extract the resultant trans-2-hexadecenoic acid. The organic layer was washed with water and a saturated sodium chloride solution and dried with anhydrous sodium phosphate. The solvent was evaporated and the residue was purifi ed using silica gel column chromatography silica gel 10 g ; hexane/ethyl acetate 10/1 v/v to obtain amorphous trans-2-hexadecenoic acid 170 mg, 668 mmol . The trans-2-hexadecenoic acid was further reacted to yield the corresponding CoA ester in accordance with a previously reported method 22 . Compounds 3 R -and 3 S -hydroxyhexadecanoyl -CoA were synthesized as described in our previous article 20 .
Subcellular fractions and bifunctional proteins
The light mitochondrial fraction L-fraction was prepared in accordance with a previous report by de Duve et al. 23 : Approximately 10 g of rat liver Wistar strain, male, 7 weeks old was minced and homogenized with 60 mL of a sucrose ethylenediaminetetraacetic acid EDTA solution SE; 0.25 M sucrose; 1 mM EDTA . The homogenate was centrifuged at 800 g for 10 min, and the supernatant was then centrifuged at 3,300 g for an additional 10 min. Subsequently, the resultant supernatant was centrifuged at 32,000 g for 10 min. The sediment was suspended in 15 mL of SE solution and was preserved at 80 until use. This operation was carried out at 0 4 . Subcellular fractions were obtained by centrifuging with a modified sucrose density gradient, as was reported by Osumi et al. 24 . Sucrose solutions of the following volumes and concentrations were sequentially added to a rotor tube: 6 mL of 50.9 w/w , 8 mL of 45.8 w/w , 10 mL of 37.4 w/w , and 5 mL of 23.2 w/w sucrose. These sucrose solutions were prepared in 50 mM HEPES pH 7.0 . The L-fraction 3 mL was then layered onto the sucrose gradient and centrifuged at 100,000 g for 2 h. The subcellular fractions 3 mL were collected from the top using a perista pump and stored at 80 until use. The distribu- tions of mitochondria and peroxisomes were determined by measuring the succinic-cytochrome c oxidase 25 and catalase 26 , respectively. L-and D-BP were prepared from rat liver in accordance with previous reports by Osumi et al. 27 and Jiang et al. 28 , respectively. The amount of protein was measured by a modifi ed Lowry method using bovine serum albumin as the standard 29 .
Incubation and HPLC analysis
A solution of 230 μL of admixture 50 mM phosphate buffer pH 7.5 , trans-2-hexadecenoyl-CoA and 20 μL of the subcellular fraction or 20 μL of the L-BP or D-BP solution was incubated at 30 . The concentrations of the substrate trans-2-hexadecenoyl-CoA , amount of either L-BP or D-BP, and the time required for reaction were investigated. After incubation, the mixture was ice-cooled and 50 μL of 100 mM hydrochloride solution was added to stop the reaction. The mixture was fi ltered using a Millex-LG fi ltering unit Millipore, Japan , and 20 μL of fi ltrate was injected onto an HPLC column. HPLC was carried out under the following conditions: mobile phase of 35/65 v/v of 50 mM phosphate buffer pH 7.0 /methanol; flow rate of 0.5 mL/min; detection at 260 nm; and column temperature of 25 . The measurements of the quantities of 3 R -and 3 S -hydroxyhexadecanoyl-CoA were calibrated using an absolute calibration curve method.
RESULTS AND DISCUSSION
Synthesis of trans-2-hexadecenoyl-CoA
Trans-2-hexadecenoic acid was synthesized from the corresponding aldehyde tetradecanal via a Wittig reaction using a stabilized phosphonium ylide ethyl triphenylphosphoranylidene acetate to yield ethyl 2-hexadecenoate. The synthesis of the trans isomer was confirmed using thin-layer chromatography TLC and was free of the cis isomer, as assessed by 1 H-NMR. Initially, ethyl trans-2-hexadecenoate was hydrolyzed using potassium hydroxide/methanol; however, the methoxide ion attacked the double bond to form an undesired compound data not shown . Therefore, potassium tert-butoxide/tert-butanol, which features higher steric bulk, was used to generate the desired trans-2-hexadecenoic acid. .41 Hz, respectively. As these signals were not observed in the synthesized product, we can confi rm the purity of the trans product. After confi rmation of the structure, trans-2-hexadecenoic acid was further reacted to form its corresponding CoA ester.
Investigation of HPLC conditions
Compounds 3 R -and 3 S -hydroxyhexadecanoyl-CoA were detected by monitoring the absorbance at 260 nm, which is the maximum absorbance Fig. 2A . The absorbance of 3-hydroxyhexadecanoyl-CoA showed the same pattern throughout the pH range of 4.0 9.0 data not shown .
The effect of the organic solvent on the separation of 3 R -and 3 S -hydroxyhexadecanoyl-CoA was investigated using reverse-phase chiral columns, because CoA esters are amphiphilic compounds. Two kinds of chiral separation columns using either amylose CHIRALPAK AD-RH or cellulose CHIRALPAK OD-RH derivatives as the stationary phase were examined. Both water/acetonitrile and water/ methanol solutions were compared using theses columns. When CHIRALPAK AD-RH was used, the tops of the distorted peaks corresponding to 3 R -and 3 S -hydroxyhexadecanoyl-CoA were separated with water/methanol 50/50 40/60 v/v . Peaks corresponding to 3 R -and 3 S -hydroxyhexadecanoyl-CoA overlapped completely with water/acetonitrile 90/10 60/40 v/v . Therefore, the water/methanol system is more suitable for the separation of 3 R -and 3 S -hydroxyhexadecanoyl-CoA than the water/acetonitrile system. When CHIRALPAK OD-RH was used, 3 R -and 3 S -hydroxyhexadecanoyl-CoA were not separated at all, regardless of the ratio or identity of the organic solvents. Accordingly, CHIRALPAK AD-RH was used in the following studies. However, if the separation conditions had been examined in detail, CHIRALPAK OD-RH would have been used for this study.
Next, the effect of the pH pH 3.0 8.0 of the mobile phase on the k value was investigated using 50 mM phosphate buffer/methanol 35/65 v/v Fig. 2B . The CoA esters have three phosphate groups. Therefore, the pH should affect their retention; specifi cally, the retention of the CoA esters onto the reverse-stationary phase should increase at lower pH levels and decreased at higher pH levels. Accordingly, the k value increased in the pH range of 3.0 4.0 and the peaks were broad and showed tailing. However, the k value did not change signifi cantly in the pH range of 5. However, satisfactory reproducibility was not obtained with the above conditions. Finally, it was determined that the column temperature affected the k value Fig. 2D ; i. e., the k values increased as the column temperature decreased. The peaks corresponding to 3 S -hydroxyhexadecanoyl-CoA and trans-2-hexadecenoyl-CoA showed tailing at 15 , whereas the 3 R -and 3 S -hydroxyhexadecanoyl-CoA were not separated at 35 40 . The separation of the CoA esters was optimized at 25 . Therefore, it was determined that a constant column temperature was very important for reproducibility. This is probably because the temperature affects the motion of the alkyl group of the CoA ester, which affects the affi nity between the CoA esters and the stationary phase.
After considering all factors, the optimized conditions for the separation of CoA esters using HPLC were determined, as described above see Experimental section . The k values of 3 R -and 3 S -hydroxyhexadecanoyl-CoA and trans-2-hexadecenoyl-CoA were 1.31, 1.85, and 3.53, respectively. The separation factors α between 3 R -and 3 S -hydroxyhexadecanoyl-CoA and between 3 S -hydroxyhexadecanoyl-CoA and trans-2-hexadecenoyl-CoA were 1.41 and 1.91, respectively. A standard chromatogram of the CoA esters is shown in Fig. 3A . The limits of detection of the CoA esters were 5 pmol signal-to-noise ratio 6 and the limits of quantifi cation were estimated to be 15 pmol. Good linearity was obtained over the range of 50 pmol 3 nmol with correlation coeffi cients of 0.999. The calibration curves for 3 R -and 3 S -hydroxyhexadecanoyl-CoA are shown in Fig. 3B and 3C, respectively. 3.3 Enoyl-CoA hydratase assay using subcellular fractions The succinic-cytochrome c reductase activity and the catalase activity of each fraction were measured. Fraction 6 had the highest succinic-cytochrome c reductase activity, and fraction 9 had the highest catalase activity Fig. 4A . The developed method for the concurrent quantifi cation of 3 R -and 3 S -hydroxyhexadecanoyl-CoA was tested using subcellular fractions obtained from rat liver homogenate. The enoyl-CoA hydratase activity varied in all fractions. In particular, fractions 6 9 showed higher enoylCoA hydratase activity. In addition, both R-and S-specifi c activities were observed Fig. 4B . It is thought that the peroxisomal enoyl-CoA hydratases were mixed in the mitochondrial fraction because the monolayer membrane of peroxisome was broken when the tissue was homogenized. Furuta et al. reported that mitochondrial enoyl-CoA hydratase is heat stable and L-specifi c 30 . Accordingly, each subcellular fraction was heat treated 60 , 2 min and used for incubation. The stereospecifi c enoyl-CoA hydratase activities after the heat treatment of all subcellular fractions are shown in Fig. 4C . The production of 3 R -hydroxyhexadecanoyl-CoA was remarkably decreased after heat treatment in all fractions, although the production of 3 S -hydroxyhexadecanoyl-CoA remained stable. In the chromatograms of trans-2-hexadecenoyl-CoA with fraction 6, peaks corresponding to both 3 S -and 3 R -hydroxyhexadecanoyl-CoA were observed Fig. 5A . When fraction 6 was heat treated at 60 for 2 min prior to incubation, the peaks corresponding to 3 R -hydroxyhexadecanoylCoA decreased, although the peaks of 3 S -hydroxyhexadecanoyl-CoA did not change Fig. 5B . From these results, it was directly confi rmed that the heat-stable hydratase has S-specifi city. Table  1 . Although an accurate comparison is diffi cult because of the different of substrates, purifi cation methods, and incubation conditions, theses values are lower than those previously reported 27, 28, 30 33 .
Peaks corresponding to 3 R -and 3 S -hydroxyhexadecanoyl-CoA were observed in HPLC chromatograms of 6A and 6B, respectively. These peaks are below the quantification limit. It was determined that both enzyme solutions were not pure enough and were likely contaminated with another hydratase. Increased purifi cation of the enzymes is needed to accurately compare the activities of L-and D-BP. However, through the investigation of L-and D-BP obtained from rat liver by this method, it was directly confi rmed that the hydratase activities of L-and D-BP are S-and R-specifi c, respectively. In this study, an analytical method for the investigation of the stereospecifi city of enoyl-CoA hydratases was established. In addition, this method was applied to subcellular fractions and purifi ed bifunctional proteins. The key advantage of this method is the concurrent quantification of 3 R -and 3 S -hydroxyacyl-CoA, which was shown to be useful for the rigorous analysis of the stereospecifi city of enoyl-CoA hydratases. In addition, this method does not need pre-or post-labeling for the determination of the absolute confi guration of 3-hydroxy group 34 . The advantages of this method enable a simple diagnosis of a peroxisomal disorder because 3 R -hydroxyacyl-CoA is a specifi c intermediate of peroxisomal β-oxidation. In addition, if a fundamental therapy for D-BP defi ciency is established in the future, e.g., gene therapy , this analytical method will be useful for the assessment of therapeutic effects. 
